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MULTIB AND RADIO ANTENNA 



Field of the iflvcatioa 
S The piesent invention relates generally to antennas for radio commimicatiQn 

tenninals and, in particixlar, to compact bmlt-m antennas devised to be incorporated 
into portable tenninals and having a wide bandwidth to facilitate qpetation of the 
portable terminals within different frequency bands. 

10 Background 

Since the end of the 20^ century the ceUtoIar telephone industry has had 
enormous development in the world. From the initial analogue systems, such as 
those defined by ti^e standards AMPS (Advanced Mobile Phone System) and NMT 
(Nordic Mobile Telephone), the development has during recent years been almost 
1 5 exclusively focused on standards for digital solutions for cellular mdio network 
systems, such as D-AMPS (e.g., as spedfied in EIA/nA-IS-54-B and IS-136) and 
GSM (Global System for Mobile ComnnmicatiQns), Different digital transnussion 
schemes are used in different systems, e.g. time division multiple access (TDMA) 
or code division multiple access (CDMA). Currently, the cellular technology is 
20 entering the so-called 3"^ generation, providing several advantages over the former, 
2^^ generation, digital systems referred to above. Among ihose advantages an 
increased bandwiddi wiU be provided, allowmg effective communication of more 
complex data. The 3^ ^neration of mobile systems has b^en referred to as the 
UMTS (Universal Mobile Telephony System) in Europe and CDMA2000 in the 
25 USA, and is already rniplemented in Japan to some extent Furthermore, it is widely 
believed that the first generation of Personal Communication Networks (PCNs), . 
• employing low cost, podcet-sized, cordless telq^hones that can b 
comfortably and vised to make or receive calls in the home, office, street, car, etc«, 
will be provided by, for example cellular cameis using tiie next generation distal 
30 cellular system inficastructure. 

One evolution in cellular communication services involves the adoption of 
additional fiequency bands for use in handling mobile communications, e.g., fen: 
Phonal Coamnmication Services (PCS) services. Taking the U.S. as an example, 
tixe Cellular liyperband is assigned two firequency bands (commonly referred to as 
35 the A fi:equency band and the B frequracy band) for carrying and controlling 

communications in the 800 MHz region. The PCS hyperband, on tiie other hand, is 
specified in the United States to include six difibrent j6requency bands (A, B, C, D, 
E and F) in tiie 1 900 MHz region. Thus, ei^ frequency bands are now available in 
any ^ca service area of the U.S. to fkdlitate corrmranication services. Certam 
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standards have been approved for the PCS hyperband (e.g., PCS1900 (J-STD-007)), 
while others have been approved for the Cellular hyperband (e.g., D-AMPS (IS- 
136)). Otiber frequency baiuls in ^^ch these devices will be operating inctode GPS 
(operating in the 1.S GHz range) and UMTS (operating in &e 2.0 OUz taoge). 
5 Each one of the frequency bands specified for fiie Cellular and PCS hyperbands is 
allocated a plurality of tra£5c channels and at least one access or control channel. 
The control channel is used to control or supervise the operation of mobile stations 
by means of information transmitted to and received from the mobile stations. Such 
information may include incoming call signals, outgoing call signals, page signals, 
10 page response signals, location re^stcadoa signals, voice diannel assigmnents^ 
maintenance instroctions, hand^l^ and cell selection or reselection instructions as a 
mobile station travels out of the ra£o coverage of one cell and into the radio 
coverage of another ceU. The control and voice channels may operate using either 
analogue modulation or digital modulation. 
IS The signals transmitted by a base station in the downlink over the traffic and 

control channels are received by mobile or portable terminals, each of wMc^ 
least one antenna. Historically, portable terminals have employed a number of 
different types of antennas to receive and transmit signals over the air interface. For 
example, monopole antennas mounted perpendicularly to a conducting surface have 
20 been found to provide good radiation characteristics, desirable drive point 

inijiedanoe and relatively sim|>le constnietion. Monopole antennas can be created in 
various physical forms. For example, rod or whip antennaa have frequently been 
used in conjunction with portable terminals* Por hi^ frequency ^plications where 
an antenna's length is to be miniinised, another choice is the helical antenna. 
25 In addition, mobile terminal manu&cturers encounter a constant demand for smaller 
and smaller terminals. This demand for miniaturisation is cmnbined with desire for 
additional fimctionality such as havingHie ability to use the tominal at different 
frequency bands and different cellular systems. 

It is commercially desirable to ofiTer portable terminals which are capable of 
30 operating in widely different frequency bands, e.g., bands located in the 1500 Mliz, 
1800 MHz, 1900 MHz, 2,0 OHz and 2.4S GHz regions. Accordingly, antermas 
^Adch provide adequate gain and bandwidth in a plurality of diese frequency bands 
will need to be employed in portable terminals. Several attempts have been made to 
create such antennas. 

35 In order to reduce the size of the portable radio terminals^ bmlt-in antennas 

have been implemented over the last couple of years. The general desire today is to 
have an antenna, which is not visible to the customs. Today difEerent kinds of 
patches are used, ^th or without parasitic elements. The most common built-in 
antennas cuxzently in use in mobile phones are the so-called planar inverted-F 
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antennas (PIFA). This name has heen adopted due to the fact that the antenna looks 
like the letter F tilted 90 degrees in prolBle. Such an antenna needs a feeding point as 
well as a ground connection. If one or several parasitio elements are included 
nearby, they can be either grounded or dielectrically separated from ground. The 

5 g^metry of a conventional PIFA anterma includes a radiating element, a fee^ 
pin far the radiating element, a ground pin for the radiating element, and a ground 
substrate commonly arranged on a printed circuit board (PCB). Both the feeding pin 
and the ground pin are arranged perpendicular to the ground plane, and radiating 
element is susp^ded above the ground plane in such a manner that the ground 

1 0 plane covers the area imder the radiating element. This type of antenna, however, 
generally has a fairly small bandwidth in the order of 100 MHz. In order to inorease 
the bandwidth for an antenna of this design, the vertical distance between the 
radiating elemmt and the PCB ground has to be increased, i.e. the hetg^ at which 
the radiating element is placed above the FCB is increased. Anodier solution to this 

15 problem is to add a dielectric element between the antenna andthe ?CB, in order to 
make the electrical distance longer than the physical distance, 

US 6^26,921 to Ying et al discloses a built-in, low-projSle antenna with an 
inverted planar inverted F-type (PIFA) antenna and a meandering parasitic element, 
and having a wide bandwidth to facilitate communications within a plurality of 

20 frequency bands. A nmin element is placed at a predetermined heig^ above a 

substrate of a communication device and the parasitic element is placed on the same 
substrate as the main antenna element and is groxmded at one end. The feeding pin ' 
of the PIFA is proximal to the ground pin of the parasitic element The coupling of 
the meandering, parasitic element to the main antenna results in two resonances. 

25 These two.resonances are adjusted to be adjacent to each other in order to realise a 
broader resonance encompassing the DCS (Digital Cellular System)^ PCS and 
UMTS fi:equ^cy rangra. 

Today, the concept of built-in antennas is well known and esctensively used 
by the mobile phone manufacturers. However, it is a fairly new concept, and the 

30 performance of such antennas is still a problem when even wider band capabilities 
are desnred. Consequently, prior art antenna designs will still be a limiting factor 
when developing radio terminals with adequate bandwidth to cover plural bands, 
such as fbfT sample AMPS, EGSM (Extended GSM), DCS and PCS. A more 
general problem with built-in ant^mas is not only small band widdi, but also 

35 significantly worse gain perfcnmance than a traditional CTCtemal antenna i.e. some 
kind of stub antenna* 
Summary of the invention 

Hence, it is an object of die present invention to ov»come the above- 
identified deficiencies related to Uie prior art, and more specifically to provide an 
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antenna structure suitable for built-in antennas, at &e same time having a wide 
bandwidth which enables the antenna to operate at a plurality of fireqaency bands. 

According to a jRrst aspect, this object is fulfilled by a multiband radio 
antenna device for a radio conununication tenninal^ cono^iising a flat ground 
5 substrate, and in a plane parallel to said ground snbstrate a flat parasitic element and 
a Sat antemia element with a fieeding pointy wherein sedd antemia element has a first 
longitudinal member, a first transverse member extending ficm a first end portion 
of said first longitudinal member, and a second transverse member extending from a 
centre portion of said first longitudinal member in the same direction as said first 
10 transverse member, wherein said p^irasitic elemrat extends adjacrat to an outer 
portion of and parallel to said second transverse member. 

Preferably^ said feeding point is disposed at a oentxe portion of said second 
transverse member* 

In one embodiment, said parasitic element has a first ground connection 
1 S disposed adjacent to said feeding point 

Furthermore, a second ground connection may be disposed at an end portion 
of said second transverse meniber opposite said first longitudinal member. 

In a prefeixed embodimeid^ a third ground comieption is ftarfhar disposed at a 
centre portion of said first transverse member. 
20 Preferably^ said antenna element has a second longitudinal member 

extending firom said cod portion of said second transverse member^ away irom said 
first transverse memb^. 

In one embodiment, said antenna dement has a third transverse member 
extending firom an end portion of said second longitudinal member opposite said 
25 second transverse member, towards said first longitudinal member. 

Preferably, said antenna element has a fourth transverse member extending 
from ssud first longitudinal member between said second and said third transverse 
monbers. 

In a preferred embodiment, said feeding point is disposed on a protruding 
30 member at said centre portion of tiie second transverse member, protruding towards 
first transverse member. Said protmding member is preferably tapered towards said 
first transverse member. In an advantageous variant of this embodiment, said 
parasitic element has a leg member extending parallel to a side of the tapered 
protrading member feeing away firom said first longitudinal member. 
33 In one embodiment, a an outer portion, extending firom said centre portion, of 

said first transverse member has a side edge faciag said second transverse member, 
which side edge extends at an angle towards said second transverse member, such 
that said first transverse member widens towards its outer end. 
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In a preferred embodiment, said parasitic element has one ground 
connection, i^ereas said antenna element has two grovind connections. 

' Preferably, said ground plane lias a lonffltadinal lengOx of one thiid of a 
selected base band. 

5 According to a second aspect, the object of the invention is fulfilled fay a 

radio communication terminal comprising a multiband radio antenna device 
according to any of the previous claims. 

The detailed description shows specific features of various embodiments 
related to the aspects above. 

10 

Biief description of the drawings 

The features and advantages of the pres^xt invention will be more apparent 
firom tile following description of the prefixed embodiments with reference to the 
accompanying drawings, on which * 
15 Fig. 1 schematically iUustrates a muidband radio antenna according to an 

embodimmt of tiie inventioi^ 

Fig. 2 shows a foil view of the multiband radio'antenna arrangemCTt 
according to Fig. 1; 

Fig. 3 schematically illustrates a aross-sectional side view of a radio 
20 communication terminal includmg tiie antenna arrangement of Fig. 2; 

Fig. 4 schematically illustrates a firont view of tiie terminal of Fig. 3; and 

Fig. S iUustrates tiie voltage standing wave ratio (VSWR) characteristics for 
the antenna design of the preset rnvention in fiiee space opeiation. 

25 Detailed description of preferred emhndtmentg 

The present description refers to radio terminals as a device in vM(Al to 
inclement a radio antenna design according to the present invention. The term radio 
terminal includes all mobile equipment devised for radio communication witii a 
radio station, which radio station also may be mobile terminal or e,g, a stationary 

30 base station. Consequentiy, the term radio terminal includes mobile telephones, 
pagers, conmiunicators, electronic organisers, smartphones, PDA:s (Personal 
Digrtal AssistantsX vehicle-mounted radio communication devices, or the lik^ as 
* well as portable laptop compiteis deposed for wireless communication in e.g. a 
WLAN CWireless Local Area Network). Furthermore, since the antenna as such is 

35 suitable for but not restricted to mobile use, die term radio temiinal shoxild also be 
understood as to include any stationary device arranged for radio communication, 
sudh as e.g. desktop computers, printers, fikx machines and so on, devised to operate 
with radio communication with each other or some other radio station. Hence, 
altiiough the stmcture and characteristics of the antenna design according to tiie 



invention is maiBly described herein, by way of cxan5.1e. in tbe m5.1em«itation m a 
mobile phone, this is not to be inteipreted as e«duding the implementation of tie 
inventive antennadesign in othertypes of radio tenninals. such as tiiose hsted 
above Furthermore. itshonld be emphasisedthattiie term compiismg or conqinses, 

5 whenusedinflusdescriptionandiiithe^pettdedclainistomdicatemcliided 
features, elements or steps, is in no way to be interpreted as excluding the presence 
of other features elements or steps than those raqiressly stated. 

Sevend of the larger mobile phone maraifactarers, e.g. Encsson® and 
Nokia®, have launched mobUe phones for ceUular conxmunication networks mid 

10 implementingbuilt-inantennasforbothdnalbandandtriplebandoperation.By 

built-m is here meant that the antemia is placed inside, or adjacent to. the howmg « 
chassis of the mobUe phone without protruding elements. The principles of &e 
PlanarlnvertedFAntemia type havebeenbtiefly discussed above. Although itmay 

be embodied in different ways, it is basically deJBned by the following featmes: 
15 - Dual or triple band capacity; 

- Patch parallel to the printed drcuit board (PCB\ i.e. the groundplane; 

- Air or some dielectric material between antenna and PCB; 

- Sizes ate in tiie neighbourhood of L*W*H = 40*18*8 nam; 

- The distance (H) between antenna andPCB is critical for good VSWR 

20 and gain, and normal distance is 7 - 10 mm between these two planes; 

. . - The antenna needs boOi feeding and grounding, where one of each is 

common. 

The present invention provides an antenna design with a complex pattern and 
. three grounding pomts. Computa sdmnlations with surprisingly good results have 
25 beenmade.ThesesimnlationahavebeenperformedusingflietoolIE3D,distrxbuted 
byZelandlncThistooluseslhe^iomentMefhodasamathematicalsolver.and 
simulation results obtained correlate weU widi measurement tests on prototypes, 
such as those disclosed in Pig.5, which will be ejqplained fiirther down. 

An antenna concept or design is descrfl>ed heawn. conq?rising the antenna 

30 stnictnre,itsrelaliontoground,anaitsiinplementationinaradiotetminal.y^^ 

xefei^ce to -die accanipanyxng dra^wing^. 

Fig 1 discloses an enlarged yiew of an antenna device I according to the 
faiveDtion. The antenna device 1 cdn^es an antenna element 3, a parasitic 
elemem7andagroondplaneors4bstrate2.Asisindicatedbytheunevailineat 
35 thebottomofthedrawing.onlyacut-offportionof1hegroundplane2isillustraled 
in fig 1 . Tlie actual length of ground plane 2. that is the hei^ in fig 1, is preferably 
approximately equal to one third ojT the wavdengfli for the lower fiequency band for 
whidi the multiband antenna 3 is timed. In one example, said lower band is 900 
MHz, wheremthe ground plane lepgfh canbe calculated to approxhnately 11 cm. 
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The implementation of the ground plane 2 having a lengCh of about one third of the 
lower band wavelength constitutes a preferred embodiment but it should be noted 
that other lengdis may be used as well. 

The antenna 3 has a fiurly conqilex stracture in its prefexred embodiment as 

5 illustrated in fig 1» and measurements made on this structure has shown excellent 
results. The structure basically comprises a number of antenna elements 
substantially extending in a longitudinal direction or a transverse direction, 
pecpendicular to said longitudinal direction. By longitudinal direction is here meant 
a direction in which the ground plane 2 extends^ i.e. vertical in fig 1, whereas tiie 

10 transverse direction extends from left to ri^t or vice versa. The anten^ 

one integrated antenna elraiCTCt 3 and a parasitic element 7, electrically separated 
from the antenoa element 3 . As illustrated in the drawing* &e ant^ma element 
comprises a first longitudinal member 4, which extends in the longitudinal direction 
a part of a side edge of the ground plane 2. At a first end of a first longitudinal 

15 member4,fhetopendinthedrawing»a£u:sttcansv»semember5 extends 

perpendicular to the first longEtudinal member along the top edge of ground plane 2. 
The first transverse member has an upper stiai^t edge and a lower edge» v«^ch.at 
first is parallel to the upper edge. From the central portion of the first transverse 
member the lower edge is slightly angled downwards, such that the first transverse 

20 member 5 widens from that central portion to the end portion opposite the first 
longitudinal member 4. From a central portion of the first longitudinal member 4, a 
second transverse member 6 extmds likewise perpendicular to the first longitudinal 
member 4, consequently substantially parallel to the first transverse member 5. The 
parasitic element 7 is located adjacent to an outer portion of the second transverse 

25 member 6, and extends substantially parallel to said second transverse member 6. 
At a central portion of the second transv^cse member 6, a protruding member IS is 
formed, projecting towards the first transverse member S. The protruding member 
IS is tapered towards said first transverse mernber 5-, conseque^y hSLvmg an^ed 
side.edges, but has a straight ending perpendicular to the first longitudinal member 

30 4. The parasitic element 7 extends, as mentioned, substantially perpendicular to the 
first lon^tudinal member 4, but further comprises a leg member 16 extending atan.- 
angle towards said first transverse member and parallel to the adjacent side edge of 
protruding member IS. Ihe leg member 16 ends approximately at tiie same 
longitudinal position as protruding member 15, but preferably has a top edge 

3S sloping slightly downwards in the direction away firom the first longhudinal 
member 4. 

The structure of the antenna device according to the present invention has 
one feedingpoint 8 and three ground connections 940,11. The feeding point 8 is 
coonected to the top edge of the j^rotrudrng member 15, and is indicated by a double 
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line in the drawing. A fiist ground connection 9 of the antoona device is connected 
to the top edge of the leg 16 of Ihe parasitic element 7» consequently adjacent to the 
feeding point 8. Also the first grounding point or connection 9 is indicated by a 
double line in the drawing* A second grounding point or comection 10 is positioned 

S at fhe outermost end of the second transverse antenna member 6, adjacent to a 
second end of antenna member 7 opposite die end were said first ground connection 
9 is disposed. A third ground connection 1 1 is disposed at a central portion of the 
first transverse memb^ 5, at a position were die widening of said first traos verse 
member S begins* Also the second and third ground cotmections are indicated by 

10 double lines. / 
As is evidenced by the drawing, a second longctudmal member 1 2 extends . 
firom the end portion of the second transverse member, in a direction downwards 
away from the fibrst transverse member 5. The second longitudinal member 12 is 
significantly wider than die first longitudinal member 4, but also significantly 

IS shorter. At the lower end of the second longitudinal member 12, a third transverse 
member 13 extends towards the first longitudmal member 4, leaving only a smaU 
gap between the end portion of a third transverse member 13 and the first 
longitudinal member 4, Fmally, tihie fourth transverse member 14 extends from the 
first longitudinal member 4 between the second 6 and third 13 transverse members, 

20 and significantly closer to tixe third transverse member 13. The fourth transverse 
memb^ 14 is significantly thinner tban tiie third transverse member 13. 

Jr accordance wifli the established art, when two adjacent parts has 
significantly different widdis, generally a mnlti-resonance is achieved, causing a 
broad fi:equency performance. With the stracture of the embodiment as disclosed in 

25 fig 1, this is achieved both whh die parasitic element 7 and the second transverse 
member 6, and between the third and forth transverse members 13, 14 respectively. 
Measurements on this structure have revealed astpnisliing broad band performance 
on plural bands with good matching. The size of the antenna structure including the 
antenna element 3 and the parasitic element 7, is about 38 ivide and 37 mm in 

30 the longitudinal direction. Preferably it is applied about 8 mm over ground plane 
The antenna structure itself is very diin and can be made of for instance a flex film. 

Fig 2 illustrates the antenna device according to an embodiment of the 
present invention^ disclosing tiie fiill length of ground plane 2. 

Fig. 3 illustrates a cross-sectional side view of a radio communication 

35 terminal in the embodiment of a cellular mobile phone 30, devised for multiband 
radio communication. The terminal 30 comprises a chassis incorporating a PCB 3 1, 
which exteaids longitudinally in the terminal 30. The chassis carries fimctional 
znembers 32 of die terminal^ including user inter&ces and electronics, though not 
fintiber specified in the drawing. A preferably detachable battery 33 is also 



• comectedtothetennmaLAtthetoprf^^ 
illustrated, spaced apart ftoiothePCB 31. THe flat ground substrate 2 is preferably 
devised as a conductive layer in die PCB 3 1 , either oa an outer surface ihereof or as 
an intermediate layer. The three ground connections 9. 10 and 11 are also 
5 schematically iUnstrated. as well as the feeding point connection 8 to the PCB 31. A 
- housing34aiclosesthetermi»al,atthou8Jie.g.diebattery33 and (he user iffterfiaces 
preferably are not covered by the houang 34. 

Fig. 4 iUustcates the termmal 30 of Fig. 3 as seen from the front side, i.e. the 
side facing left in Fig. 3. Beades the elements disclosed in Fig. 3. the terminal 30 
10 further mcludes a user output, and poss&ly input, interface is the form of a display 
35. A user-input interface is further included in the form of a keypad 36- The 
terminal also conqirises auser audio mput in the form of a microphone 37 and a 
user audio ouipnt inthe form of a loudspeaker 38 or a connector to earpiece (not 
shown). The antenna arrangement according to the invention is built m, and is 
15 therefore not eq>licitly shown in Fig. 4. 

Fig 5 iUustrates the VSWR 50 and the Smith chart as measured on a 
prototype of the antenna according to fig 1 in free space. Markers 1 to 4 are equal to 
880 MHz, 960 MHz. 1,710 ifflz and 1,990 MHz, Le. the frequency band edges for 
EGSM, DCS and PCS. As can be seen flie margins are very large for eadi band, 
20 especially GSM. It is no prbblem covering AMPS as weU. The VSWR 50 is below 
4.0 in all those bands, and for DCS and PCS the VSWR 50 is bdow 2.2. According 
to the Smith chart the antenna is generally a little inductive. 

The foregoing has described the principles, preferred embodiments and 
modes of operation of fee present hiveafion, but should not be construed as being 
25 limited to the particular embodhnents discussed above. For example^ while fee 
antenna of fee present mventicp has been discussed primarily as being a radiator, 
. one skilled in fee art will appreciate that the antenna of fee present invention would 
also be used as a sensor for receiving information at specific frequraicies. Similflrly, 
fee dunensions of fee various elements may vary based on the specific application. 
30 Thus, fee above-desoibeaebbodunenb should be regarded as iUustrative rafeer 
than restrictive, and it should be ^>pre<aated that variations may bemade infeose 
embodimenls by workers skilled in fee art wifeout departing from the scope of the 
present invention as defioed by fee following cldms. 
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I ABSTEIACT 



A multiband radio aotexizia device (1) for a raifio conxmTimcalicmt^miiial, 
comprising a flat ground subsA^ 

5 substrate a flat parasitic element (7) and a flat antenna element (3). Said antenna 
element has a longitudinal memb^ (4), a first transverse meniber (5) extending 
fit)m a first end portion of said longitudinal member, and a second transverse 
member (6) extending Scorn a centre portion of said Ipngitudinal member, wherein 
said parasitic element ^ctends a^acent to an outer portion of and parallel to said 

10 second transverse member. A feeding point (8) is disposed at a centre portion of 
said second transverse member. The parasitic element has a first ground connection 
(9) adjacent to said feeding point, a second ground cotmection (10) is disposed at an 
end portion of said second ti^ansverse member, and a third ground connection (11) is 
diq)osed at a centre portion of said first transv^e member. 
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